are summarized in table 1. 
Preparation and characterization of nanomaterials

118
Nanomaterial suspensions were prepared following the NANoREG Standard Operating 119 Procedure (SOP) (Jensen et al., 2011) . Briefly, 15.36mg of nanomaterial powder was measured 120 into a 20mL Scint-Burk glass vial (WHEA989581; Wheaton Industries Inc.) which is prewet with 121 30µL of absolute ethanol. The volume was adjusted to 6mL with 0.05% Bovine Serum Albumin
122
(BSA)-water (w/v) to achieve a final concentration of 2.56mg/mL. The suspension was then placed 123 in an ice-water bath solution and sonicated using a Branson-S450 sonicator at 10% amplitude for 124 16 minutes. The suspension was left on ice for 10 minutes prior to use.
125
To characterize the ENM behavior, suspensions were diluted to 25.6mg/L in BSA stock Tropic Marine, in 20mL Scint-Burk glass vials and maintained at test conditions. This 128 concentration was selected as it was found to achieve reliable results. Dynamic light scattering 129 (DLS) and zeta potential (Malvern ZS90) was measured at 0, 2, 4, 6 and 24 hours for each 130 suspension to characterize the behavior of the nanomaterials over the duration of the experiment.
131
Due to high ionic strength, zeta potential could not reliably be measured in cell culture media and 132 ASW.
133
Transmission Electron Microscopy (TEM) was also used for each suspension to 134 characterize the relative particle sizes of the ENMs. TEM (JEOL JEM 1400 plus @120kV, Japan) 135 was used to visualize morphology of CNFs in the stock suspensions, culture media and artificial 136 sea water. Carbon-coated grids were hydrophilized using a glow discharge apparatus (K100X,
137
Emitech, UK). The glow discharge was performed for 180 s at an air pressure of 10 -1 mbar and an 138 electric current of 40 mA. This treatment was applied to TEM grids prior to the suspension 139 deposition as it prevents most of the artefactual agglomeration phenomenon during the drying of 140 the suspensions on the TEM grids (Dubochet et al., 1982) .
141
CNFs suspensions were also analyzed using a Tecan Sunrise spectrometer to measure 142 optical density as an approximation of stability over the duration of the experiment . Each adjusted relative to the start of the experiment.
8
Raman spectroscopy was performed using a confocal Jobin Yvon LABRAM HR800 150 spectrometer (red laser at 633 nm) using a maximum power of 5 mW with a spot size ofca. 1 µm.
151
Ten accumulations of 5s were acquired. Irradiation of the samples started 30s before acquisition used to extract the hemolymph (Cao et al., 2003) . After aspirating hemolymph from 5 organisms,
166
the needle was removed from the syringe and the contents were filtered through a 70µm filter into 167 a falcon tube maintained at 4°C. After extracting hemolymph from 40 mussels the total volume 168 was recorded.
169
Cell viability and cell concentration was then recorded through trypan blue exclusion.
170
Hemocyte concentration was diluted to 1x10 6 cells. relationships between the genes and each of the axes.
239
To identify if production process influenced ecotoxicity, results were analyzed to 240 determine if product features could be linked to gene expression. As the CNF products were 241 similar in all aspects except for small differences due to the production process, the focus of the 242 analysis was to determine if these differences could be linked to gene expression results. Two 
269
The optical density measured in the stock suspension suggested that CNFs remaining in 270 suspension were similar between GANF (11.5%) and GATam (17.62%) in the stock suspensions 271 whereas GANFg was higher (47.72%), suggesting more CNFs remained in suspension (Figure 3 ).
272
Optical density in cell culture media for GANF (47.88%), GATam (86.34%) all three CNFs with more significant effects occurring than with the in vivo exposure (Table 4) .
295
Histograms associated with the results can be found in the supplemental material. SOD mRNA levels were significantly decreased when mussels were exposed to GANF concentrations were be discriminated from the control and showed a high degree of separation
324
( Figure 5A ). 0.1 mg.L -1 could be discriminated from the control but was similar in gene expression. Figure 5B ). This pattern was observed as well for the in vitro 331 test condition but little similarities were observed between the two test conditions.
332
The PLS-DA model GANFg in vivo had a clear separation of the test concentrations from 333 the control ( Figure 5C ). 
Discussion
370
The aim of the study was to investigate whether or not differences in the production process
371
of CNFs would alter gene expression profiles as well as to establish an in vitro/in vivo comparison.
372
In this sense, the first objective was to establish if the three CNFs have similar physicochemical
373
and to determine differences between in vitro and in vivo stability and hydrodynamic diameters. 
Physico-chemical characterization
375
To maintain a relevant comparison between the 3 CNFs, the physico-chemical properties lead to differences in sedimentation and effectively change the dosimetry.
387
Another interesting observation is that the CNFs displayed poor stability in ultra-pure 388 water whereas in both culture media and ASW the stability was improved. One potential 389 explanation for this observation is that the ionic strength of these suspensions decreased the surface 390 potential of the CNFs, reducing rate at which particles interact with other another (Pavlin and , 2012) . This is interesting as it would imply that the behavior of the CNFs in the ocean will 392 be different than the behavior in fresh water ecosystem, which can lead to distinct differences in 393 toxicity profiles. Fig. 2(a) ) to 0.8 (Fig. 2(c) ) and 398 evidencing a significant improvement of the structure of the carbon network, also visible with the 399 increased intensity of the 2D band (2650 cm-1). Sample GATam (Fig. 2(b) 
PLS-DA analysis
442
The integrative analysis through PLS-DA showed some unexpected results in that almost 443 all of the genes were important in the discrimination between test concentrations for all the CNFs Table 1 : Physico-chemical properties reported by the industrial partner Table 2 : DLS results measured in stock suspension, cell culture media and ASW at the start of the experiment and at the end. Zeta potential was only able to measured in the stock suspensions due to the high ionic strengths in the test media. 
Statistical Significance in gene expression: in vivo
GANF
